Abstract . 1. The hypothesis that size-selective predation and species-specific prey behaviours facilitate the coexistence between larvae of invasive Aedes albopictus (Skuse) and U.S.A.-native Ochlerotatus triseriatus (Say) was tested experimentally with the predator Corethrella appendiculata (Grabham).
Introduction
Behavioural modification in response to predation risk is a major mechanism by which aquatic organisms increase their chances of survival in the presence of predators ( Sih, 1980; Werner et al. , 1983; Sih, 1986; Lima & Dill, 1990; Van Buskirk & Yurewicz, 1998; Van Buskirk, 2002 ) . For a variety of organisms there is a clear positive relationship between the reduction in activity level and a reduction in predation risk ( Lind & Cresswell, 2005 ) , but there are also costs associated with reduced activity, and these costs usually reduce foraging, feeding rate, and growth ( Sih, 1980; Sih, 1992; Van Buskirk & Yurewicz, 1998; Van Buskirk, 2000; Relyea, 2002; Lind & Cresswell, 2005 ) .
Predator-induced behavioural change in prey may have important consequences for community composition ( Werner & Anholt, 1996; Chase et al. , 2002 ) . Trait-mediated indirect effects occur when the traits affecting the interactions between two species (e.g. behaviour, morphology) are influenced by a third species. For example, the presence of predatory species may change prey behaviour (e.g. reduced activity, increased use of refuges), which in turn, may indirectly alter the competitive ( Werner, 1991; Werner & Anholt, 1996; Relyea, 2000 ) . Container-dwelling immature stages of the mosquitoes Ochlerotatus triseriatus (Previously Aedes triseriatus ) and Aedes albopictus are preyed upon by the larvae of a corethrellid midge, Corethrella appendiculata, and a mosquito Toxorhynchites rutilus ( Griswold & Lounibos, 2006 ) . These prey and predators co-occur commonly in the south-eastern U.S.A. All of these species are native to the U.S.A., except for A. albopictus, which was introduced into North America in the 1980s and has since spread throughout the south-east ( Hawley et al. , 1987 ) . It is well documented that A. albopictus larvae are competitively superior to O. triseriatus ( Livdahl & Willey, 1991; Teng & Apperson, 2000; Aliabadi & Juliano, 2002; Juliano & Lounibos, 2005 ) . Despite the apparent competitive superiority of A. albopictus compared with O. triseriatus under laboratory conditions, the invasion of south Florida by A. albopictus has not resulted in reduced abundances of O. triseriatus in the field ( Lounibos et al. , 2001 ) .
Aedes albopictus is more vulnerable to predation by C. appendiculata and T. rutilus than by O. triseriatus ( Griswold & Lounibos, 2006 ) . Toxorhynchites rutilus usually capture their prey near the bottom of the containers ( Steffan & Evenhuis, 1981 ) , where prey are consequently more vulnerable to predation ( Juliano & Reminger, 1992 ) . Unlike A. albopictus , O. triseriatus alters its behaviour in the presence of water-borne predation cues from T. rutilus by resting more often at the water surface ( Juliano & Gravel, 2002; Kesavaraju & Juliano, 2004 ) . It is not known how prey behaviour is related to the vulnerability to predation by C. appendiculata . Furthermore, it is unclear whether O. triseriatus modify their behaviour in the presence of predation cues from C. appendiculata in a similar way as they do in the presence of cues from T. rutilus .
In addition to the species-specific differences in susceptibility to C. appendiculata predation, the relative sizes of prey and predator may be important for this predator. First instar T. rutilus are comparable in size with 4th instar C. appendiculata ( Lounibos, 1983; Lounibos, 1985 ) , whereas 4th instar C. appendiculata (mean ± SE head capsule width, 0.715 ± 0.003 mm) are comparable with the size of the 3rd instars of their mosquito prey, A. albopictus and O. triseriatus (0.671 ± 0.002 and 0.754 ± 0.002 for 3rd instars respectively) (B. W. Alto, unpublished data). Furthermore, for each developmental stage, O. triseriatus are significantly larger than A. albopictus (B. W. Alto, unpublished data) . It is not known whether size differences between the predator and prey in this container system result in a preysize refuge from C. appendiculata predation. In some systems prey that are vulnerable to predation during smaller and younger stages become invulnerable to predation when they grow and become larger than the predator ( Lundvall et al. , 1999; Nilsson & Bronmark, 2000 ) .
The objective of this research was to test the following. 
Materials and methods
Larvae of C. appendiculata were collected from the wild in Florida (from tree holes at the following sites: Florida Medical Entomology Laboratory, Vero Beach, FL, U.S.A.; Myakka River State Park, near Sarasota, FL, U.S.A.; Indrio Road and Sherwood Hammock, Fort Pierce, FL, U.S.A.) just before the experiments were conducted. The C. appendiculata were starved for a period of 4 -10 days prior to the experiments. Aedes albopictus were F1 progeny from a colony collected from the wild (Indrio Road, Fort Pierce) as larvae and propagated as 
Experiment 1. High risk activity and position
Experimental units consisted of plastic cups holding 10 ml of distilled water. Hollow glass cylinders were positioned vertically in each cup and one 4th instar C. appendiculata was added to the cylinder, subsequently a 2nd instar A. albopictus was added to each cup, and after a 5-min acclimation period, the glass cylinders were removed releasing the predators. As soon as the glass cylinders were removed the behaviour of the prey, A. albopictus , was videotaped for 30 min. Each video clip showed four cups. The video clips were viewed and the activity and position of each A. albopictus larva was determined every minute by instantaneous scan censuses that lasted for either 30 min or until the prey were captured ( Juliano & Reminger, 1992 ) . Following the method described by Juliano and Reminger (1992) , four activities: (1) resting -larva neither feeding nor moving; (2) browsing -larva propelled along the surfaces of the cup by the movement of their mouthparts; (3) filtering -larva floating in the water column propelled by the movement of their mouthparts; (4) thrashing -vigorous lateral movements of the body of the larva, propelling it through the water; and four positions: (1) surface -spiracular siphon of the larva in contact with water -air interface; (2) bottom -larva within 1 mm of the bottom of the cup; (3) wall -larva within 1 mm of the cup walls; (4) middle -larva more than 1 mm from any surface of the cup and not in contact with the water -air interface, were identified.
When prey capture occurred, the behaviour of the prey larva immediately before capture by C. appendiculata was determined (capture group) and the behaviour of a prey larva in an adjacent cup that had not been captured by C. appendiculata (no-capture group) was also determined. Differences in the activity and position frequencies between capture and no-capture groups were tested using Fisher's Exact tests.
Experiment 2. Behavioural responses of Aedes albopictus and Ochlerotatus triseriatus to the presence of Corethrella appendiculata
The behaviour of 2nd instar A. albopictus and O. triseriatus was recorded in predation and control treatments in 10-ml plastic cups with 10 ml of water for the treatments. Predation treatment cups contained one 4th instar C. appendiculata and either one 2nd instar A. albopictus or one 2nd instar O. triseriatus . Controls were similar but had no predators. Test subjects (prey larvae) used were hatched separately, and held in individual vials with 5 ml of distilled water. The larvae were fed 1 ml of liver powder suspension (LPS), which was prepared by adding 0.3 g of liver powder in 1000 ml of water. The LPS was stirred on a stir plate and transferred using a pipette to ensure the transfer of consistent quantities of food ( Juliano & Gravel, 2002 ) . The larvae were fed only once, which was sufficient for development to the 2nd instar. Prey larvae used in this experiment were starved for 24 h, to standardize hunger, before transferring them to the treatment cups for behaviour recording. Hollow glass cylinders were used to isolate the predators in the predation treatment. Glass cylinders were empty in the control treatments. After a 5-min acclimation period, cylinders were removed slowly from the cups releasing the predators. Behaviour of the larva was recorded for 30 min, in such a way that each video clip showed four experimental cups (two predation, two controls). The activity and position of the larvae were determined every 15 s for 7.5 min, or until the prey was captured. The short observation period was necessary because a substantial number of larvae were captured within 7.5 min. The activity and position of larvae were determined every minute for 30 min from playback of the video clips. Activities and positions were then converted to proportions and Principal Components Analysis (PCA) was used to obtain uncorrelated descriptors of activity and position, and to reduce the number of variables used in the analyses ( SAS Institute Inc., 1990 ). The principal components (PCs) were analyzed using manova, and standardized canon ical coefficients (SCCs) were used to interpret the relative contribution of PCs to significant effects ( Scheiner, 2001 ) . In some replicates the number of observations was fewer than 10 (out of a maximum of 30) because the prey were captured within a 3-min period. Those replicates were excluded to improve our estimates of the proportions ( Juliano & Reminger, 1992 ) . A non-parametric survival analysis (proc lifetest) was also performed to compare the median survival times for larvae of each species in the predation treatment ( SAS Institute Inc. (1990 ) .
Experiment 3. Behavioural responses of Aedes albopictus and Ochlerotatus triseriatus to Corethrella appendiculata water-borne cues
The behaviour of 2nd instar A. albopictus and O. triseriatus in control and predation water treatments were recorded. Predation water was prepared by feeding three 4th instar C. appendiculata 10 2nd instar larvae of either A. albopictus or O. triseriatus in 10-ml cups for 5 days. The treatment cups were checked daily and dead or eaten prey larvae and pupating C. appendiculata were replaced. Controls were handled similarly, except that C. appendiculata were absent from the cups. After 5 days prey and predators were removed, leaving behind only water-borne cues from predation (e.g. dissolved compounds, feces, uneaten prey parts) in the treatment cups and similar substances in control cups. Larvae of A. albopictus and O. triseriatus were used as test subjects for recording behaviour, and the species used in preparing the treatment water was matched to the species used as test subjects (i.e. O. triseriatus test subjects were observed in treatment waters that were prepared using O. triseriatus ). Test larvae used in this experiment were reared and were starved for 24 h to standardize hunger before transferring them to the treatment cups in the same way as the previous experiment. The behaviour was video recorded, with each video clip 30-min long, and showing four cups (two predation, two control). The values were then converted to proportions of observations in each behavioural category and analyzed using PCA and manova, as in the previous experiment.
Experiment 4. Differences in the vulnerability of 2nd and 3rd instar Aedes albopictus and Ochlerotatus triseriatus to predation by Corethrella appendiculata
This experiment consisted of three parts. For all three parts, experimental units were cups containing 50 ml of water. The predation treatment involved the addition of a 4th instar C. appendiculata to the cup and the controls contained no predators. Treatments were replicated 10 times, and the numbers of surviving larvae were determined at the end of 24 h. All three parts of the experiment were conducted at the same time.
Part 1. Each instar and species combination was tested alone The survival of 2nd and 3rd instar larvae of A. albopictus and O. triseriatus in control and predation treatments was tested, which resulted in a three-way factorial design with eight treatments that were combinations of instar, species, and predation variables. Twelve larvae of either 2nd or 3rd instar of A. albopictus or O. triseriatus were added, depending on the treat ment, to control and predation treatments. The number of survivors in each of the cups was converted to proportions and then arcsine-square-root transformed to meet the assumption of normality. The data was analyzed using anova.
Part 2. Single species, 2nd and 3rd instars tested together This part tested whether C. appendiculata preyed differentially on a particular stage of the prey when they were given a choice. Six 2nd and six 3rd instar larvae of either A. albopictus or O triseriatus were added to each control or predation replicate, depending on the treatment. The number of survivors of 2nd and 3rd instar larvae from each cup was determined and analyzed as two dependent variables in a manova with predation treatments and prey species as factors. Part 3. Single instar, both species tested together This part tested whether C. appendiculata preyed differentially on these species when given a choice. Six A. albopictus and six O. triseriatus larvae of either 2nd or 3rd instars were added, depending on the treatment, to each control and predation replicate. The main difference between part 2 and part 3 was that the experimental units in part 2 had treatments with only conspecifics of different instars present, whereas the experimental units in part 3 had A. albopictus and O. triseriatus of the same instar combined. The number of survivors of A. albopictus and O. triseriatus from each cup was determined and analyzed as two dependent variables using a manova with predation treatment and instar as factors.
Experiment 5. Behavioural differences between 2nd and 4th instar Ochlerotatus triseriatus in response to water-borne cues to predation by Corethrella appendiculata
The behaviour of 2nd and 4th instar O. triseriatus in control and predation water was recorded. Predation water was prepared by feeding three 4th instar C. appendiculata with 10 2nd instar O. triseriatus in cups containing 10 ml of water. Cups were checked every day for 5 days and dead or eaten prey and pupated predators were replaced. Controls were maintained similarly, except that C. appendiculata larvae were absent. On the 5th day both predators and prey were removed from the cups leaving behind only the water-borne cues to predation from C. appendiculata . A single either 2nd or 4th instar O. triseriatus, depending on the treatment, was transferred to each of the treatment and control cups. They were given a 5-min acclimation period before their behaviour was video recorded. Each video clip contained four cups representing two predation and two control treatments. Larvae that were used in the behavioural recording were hatched and reared individually in vials with LPS as described in Experiment 2, so that experimental larvae were not exposed to cues to predation until testing. Behaviours were coded as described above and then converted to proportions. The data were then analyzed by PCA, followed by manova on the PCs, as in previous experiments.
Results

Experiment 1. High-risk activity and position
There were highly significant differences in the frequencies of activities (Fisher's Exact test, 2 = 25.04, d.f. = 3, P < 0.0001) and positions (Fisher's Exact test, 2 = 45.73, d.f. = 3, P < 0.0001) between capture and no-capture groups. Thrashing was more common immediately prior to capture by C. appendiculata ( Fig. 1) . Resting was more common in the no-capture group. Larvae at the bottom of the cups were most common in the capture group; whereas in the no-capture group, larvae at the surface and in the middle were highly represented ( Fig. 1 ) . 
Experiment 2. Behavioural responses of Aedes albopictus and Ochlerotatus triseriatus to the presence of Corethrella appendiculata
Two PCs with eigen values > 1 were obtained, accounting for 72.7% of the total variation in these data ( Table 1) . A large positive score for PC1 indicated that a larva spent more time resting at the surface, and a negative score indicated that it spent more time thrashing in the middle. Similarly, a large positive score on PC2 indicated more time spent filtering in the middle, and a negative score indicated more time spent at the bottom ( Table 1 ) .
There were significant species and treatment effects, but no significant interaction ( Table 2 ). The SCCs indicated that PC1 contributed most to the significant effects of both species and treatment ( Table 2 ) . Compared with control, both A. albopictus and O. triseriatus altered their behaviour and reduced their frequency of thrashing in the middle, and increased their frequency of resting at the surface when they were in the predation treatment ( Fig. 2) . Pairwise differences between control and predation treatments were similar in magnitude for the two species (hence no significant interaction), but were significant only for O. triseriatus ( Fig. 2 ) . The species effect was primarily a result of less thrashing in the middle and more resting at the surface for O. triseriatus.
Survival analysis indicated that the survivorship curves of A. albopictus and O. triseriatus differed significantly (LogRank test, 2 = 5.65, d.f. = 1, P < 0.0174). Median ± SE survival times were 24.5 ± 2.44 and 8.0 ± 2.35 min for O. triseriatus and A. albopictus , respectively ( Fig. 3) .
Experiment 3. Behavioural responses of Aedes albopictus and Ochlerotatus triseriatus to Corethrella appendiculata water-borne cues
Three PCs with eigen values > 1 were obtained, accounting for 88.5% of the total variance in these data ( Table 3) . Based on rotated factor patterns ( Table 3 ) , a large positive score on PC1 could be interpreted as more time spent resting at the surface and a large negative score as more time spent either browsing or thrashing at the bottom. For PC2 large positive scores indicated frequent browsing at the wall, whereas negative scores indicated thrashing in the middle. For PC3 large positive scores indicated frequent filtering in the middle, whereas large negative scores indicated more time spent at the bottom ( Table 3 ) .
There were significant effects of species and treatment, and a marginally significant interaction ( Table 4) , which was included when interpreting these results. SCCs indicated that PC1 contributed more to producing the interaction than did the two other PCs ( Table 4 ) . Multiple comparisons for PC1 showed that O. triseriatus reduced their time spent either browsing or thrashing at the bottom and increased their time spent resting at the surface when they were in predation water, compared with control ( Fig. 4) . In contrast to O. triseriatus , A. albopictus did not significantly change its behaviour between control and predation water ( Fig. 4 ) .
Experiment 4. Differences in the vulnerability of 2nd and 3rd
instar Aedes albopictus and Ochlerotatus triseriatus to predation by Corethrella appendiculata Part 1. Each instar and species combination was tested alone The three-way interaction was not significant, but all twoway interactions were significant ( Table 5 ). The reduction in survival as a result of the presence of C. appendiculata was greater for A. albopictus than for O. triseriatus ( Fig. 5a ). Across both predator treatments, O. triseriatus had a greater survival rate than did A. albopictus as 3rd instars, but A. albopictus had greater survival rate than did O. triseriatus as 2nd instars ( Fig. 5b ) . Although 2nd instar larvae had lower survival rates than did 3rd instar larvae in control and predation treatments, the reduction in survival as a result of the presence of C. appendiculata was greater for 2nd instar larvae than for 3rd instar larvae ( Fig. 5c ) .
Part 2. Single species, 2nd and 3rd instars tested together The treatment by species interaction was marginally significant, and the main effects of treatment and species were both significant ( Table 6 ). As before, this marginally significant interaction was included when the data were interpreted. SCCs indicated that only numbers of surviving 2nd instars contributed to significant main effects and the marginally significant interaction ( Table 6 ). For both species, the effects of treatments on the survival of 3rd instar larvae were negligible ( Fig. 6 ; note the small scatter in the mean values along the x -axis ). The survival rate of 2nd instar larvae was reduced significantly by predation treatment for both prey species, but the reduction as a result of predation was somewhat greater for O. triseriatus than for A. albopictus ( Fig. 6 ) . This difference was likely to be the source of the marginally significant interaction.
Part 3. Single instar, both species tested together Interaction between instar and treatment was significant ( Table 7) . SCCs indicated that both species contributed substantially to the instar -treatment interaction ( Table 7 ). In the 2nd instar group, the effect of predation was a large reduction of survival rates for both species, although the survival rate of A. albopictus was reduced to a slightly greater extent ( Fig. 7) . In contrast, in the 3rd instar group, the effect of predation was a large reduction in the survival rate of A. albopictus only ( Fig. 7 ; note the scatter in the mean values along the y -axis ). For both species, the survival rate of 3rd instar larvae was greater than that of 2nd instar larvae ( Fig. 7 ) .
Experiment 5. Behavioural differences between 2nd and 4th instar Ochlerotatus triseriatus in response to water-borne cues to predation by Corethrella appendiculata
Three PCs with eigen values > 1 were obtained, accounting for 88.9% of the variation in behaviour ( Table 8) . A high positive score on PC1 indicated that larvae spent more time browsing at the wall, and a negative score indicated more time spent resting at the surface. A high positive score on PC2 indicated more time spent filtering in the middle, as opposed to other behaviours. A high positive score on PC3 indicated greater time spent thrashing at the bottom, as opposed to more time spent at the surface ( Table 8 ). There was a significant treatment effect but neither instar nor interaction effects were observed ( Table 9) . SCCs indicated that both PC1 and PC2 contributed substantially to the treatment effect. Both 2nd instar and 4th instar O. triseriatus altered their behaviour, increasing time spent resting at the surface, when in predation water ( Fig. 8) . Despite being invulnerable to predation by C. appendiculata , 4th instar O. triseriatus altered their behaviour in response to water-borne cues to predation in the same way as did highly vulnerable 2nd instars ( Fig. 8 ) .
Discussion
Mosquito larvae thrashing at the bottom of the containers were more vulnerable to predation from C. appendiculata than were larvae resting at the surface and in the middle of the containers. Because most prey were captured at the bottom of the containers ( Fig. 1 ) , C. appendiculata may predominantly hunt at the bottom. Thrashing involves vigorous movement of the mosquito larva and is the behaviour that involves maximum movement compared with other behaviours ( Juliano & Reminger, 1992 ) . Because prey that were thrashing were captured more often ( Fig. 1 ) it seemed likely that C. appendiculata were using mechanoreceptors to detect their prey, as do predatory Toxorhynhites spp. ( Steffan & Evenhuis, 1981 ) . Results for A. albopictus behavioural (position and activity) vulnerability to C. appendiculata predation were similar to findings for O. triseriatus behavioural vulnerability to the ambush predator T. rutilus ( Juliano & Reminger, 1992 ) . Together with earlier studies ( Juliano & Reminger, 1992 ) , the results identify important behaviours contributing to the vulnerability of container-dwelling mosquito larvae to the two dominant predators in NorthAmerican container systems. Second instars of O. triseriatus reduced their activity at the bottom of the container and rested more frequently at the surface in the presence of water-borne predation cues from C. appendiculata . In contrast, A. albopictus did not change their behaviour significantly in the presence of water-borne predation cues, and continued to thrash in the bottom of the containers ( Fig. 4 ) . Because resting at the surface reduced the risk of predation from C. appendiculata ( Fig. 1 ) , this response of O. triseriatus to water-borne predation cues constituted an anti-predatory behaviour relative to C. appendiculata . In the physical presence of the predator, both O. triseriatus and A. albopictus changed their behaviour and reduced their activity at the bottom of the containers. However, the species differed in their responses: O. triseriatus rested more often at the surface of the container than did A. albopictus ( Fig. 2 ) . Combinations of cues from predators and cues from the actual predation event have been shown to elicit a stronger anti-predatory response from the prey ( Schoeppner & Relyea, 2005 ). In the experiments described here the behavioural responses of O. triseriatus and A. albopictus were tested separately to assess responses to water-borne cues from the act of predation, without the predator present, and to chemical and physical cues emanating from the predator itself in the absence of cues from the act of predation. Ochlerotatus triseriatus showed a stronger response to water-borne cues from predation than to cues from the presence of the predator (compare Figs 2 and 4 ). Studies have also shown that 4th instar O. triseriatus shows a stronger response to water-borne cues from T. rutilus ( Juliano & Gravel, 2002; Kesavaraju & Juliano, 2004 ) than to the presence of the predator ( Hechtel & Juliano, 1997 ) . Although A. albopictus did not show significant behavioural changes in response to water-borne cues from predation, they did reduce movement at the bottom of the container when they were in the physical presence of the predator ( Table 2 ; Fig. 2 ).
Second instars of both A. albopictus and O. triseriatus were more vulnerable to predation than were 3rd instars, which is a ( Persson et al. , 1996; Wellborn, 2002 ) . Aedes albopictus 3rd instars were relatively more vulnerable to predation than were O. triseriatus 3rd instars, which were largely invulnerable.
Ochlerotatus triseriatus 2nd instars suffered greater mortality when they were present with 3rd instar conspecifics than did 2nd instar A. albopictus ( Fig. 6 ) ( Fig. 3 ) .
Competitive interactions between prey species can be altered by differential prey responses to predators ( Werner, 1991; Werner & Anholt, 1996; Relyea, 2000 ) . Classic studies ( Morin, 1981 ) and more recent work ( Ciros-Perez et al. , 2004 ) show that the coexistence of a competitively inferior species with a superior species is aided by selective predation on the competitively superior species. Competition studies on A. albopictus and O. triseriatus in the presence of C. appendiculata showed that A. albopictus survivorship is considerably diminished and that they were preferentially preyed upon by C appendiculata , and this could influence the species composition of mosquito assemblages ( Griswold & Lounibos, 2006 ) . In the absence of predation, O. triseriatus competed poorly with A. albopictus ( Teng & Apperson, 2000; Aliabadi & Juliano, 2002; Alto et al. , 2005; . Thus, the data reported here suggest that differential anti-predatory responses by O. triseriatus and A. albopictus might be the main behavioural mechanism that produced the observed pattern of coexistence of these two competitors in the field ( Lounibos et al. , 2001 ). This container system provided the latest example of how behavioural properties of individuals can contribute to population and community patterns; in this case, probably via selective predation on the superior competitor promoting coexistence among competitors ( Paine, 1966; Morin, 1981; Ciros-Perez et al. , 2004 ) . Thus, C. appendiculata might be playing the roles of both a barrier to invasion by A. albopictus and facilitating the coexistence with O. triseriatus in the systems in which they co-occur. Third instar O. triseriatus attained a size refuge and were less vulnerable to predation than were 2nd instars. Fourth instar O. triseriatus are expected to be even less vulnerable to predation than 3rd instars. Because reduced prey activity in response to waterborne predation cues translated to reduced foraging activity, and is therefore costly ( Relyea & Werner, 1999; Relyea, 2003 ) , selection should favor discrimination between high-and low-risk predators. Putlitz et al. (1999) showed that larger tadpoles were both less vulnerable to salamander predation and exhibited more limited anti-predatory responses to those predators compared with smaller, more vulnerable tadpoles. Although 4th instar O. triseriatus were less vulnerable to predation by C. appendiculata , they modified their behaviour and increased the frequency of resting at the surface of containers, just as 2nd instars did in the presence of water-borne predation cues from C. appendiculata . In the south-eastern U.S.A., especially in Florida, O. triseriatus are most often are found with the predators T. rutilus or C. appendiculata , and these two predators are the most common predators in tree-hole systems. Toxorhynchites rutilus are voracious predators that prey on all life-cycle stages of O. triseriatus . As with C. appendiculata , prey that are active in the bottom of the container were more vulnerable to predation from T. rutilus ( Juliano & Reminger, 1992 ) . Fourth instar O. triseriatus reduced their activity at the bottom of the containers in response to water-borne predation cues from T. rutilus ( Juliano & Reminger, 1992; Juliano & Gravel, 2002; Kesavaraju & Juliano, 2004 ) . In a study on variation in the plasticity of tadpoles response to different predators, Richardson (2001) found that tadpoles reduced their activity in a general response to any predator, despite having no history of encountering some of the test predators in their native habitats. Richardson (2001) argued that tadpoles might use a general cue for all predators, and hence would not discriminate among threatening vs. non-threatening predators. O. triseriatus , likewise, could be responding to a general cue from the act of predation, regardless of whether that cue comes from C. appendiculata , T. rutilus, or indeed a predator it has not previously encountered. Thus, the observed response of 4th instar O. triseriatus to a small predator that presents little or no threat might be a response to a general cue from the act of predation, even though O. triseriatus were relatively invulnerable to C. appendiculata predation at that stage.
The results showed a striking parallel to those of Sih (1986) , who found that larval Culex pipiens showed more precise and pronounced behavioural responses to water-borne cues to predation by Notonecta . He argued that this difference arose because of the greater evolutionary history of C. pipiens with that predator ( Sih, 1986 ) . Results of this research were similar because O. triseriatus has a history of co-occurrence with C. appendiculata , whereas non-native A. albopictus does not. An important new aspect of the work described here is that since the invasion of North America by A. albopictus , these three species now co-occur ( Lounibos et al. , 2001 ) . As a result, these behavioural effects arising from responses to predation cues may have community level consequences, and the data indicated that behaviour of invasive and resident prey could be important determinants of the outcomes of biological invasions.
